ABSTRACT. We report on new 14 C measurements of samples of 18 texts (scrolls) and 2 linen fragments from Qumran Caves 1, 2, and 4 and from Na al ever, both in the Dead Sea region. The radiocarbon results are in good agreement with estimates of age based on paleography.
INTRODUCTION
Various parchment and papyrus manuscripts found in caves in the area of Qumran and at other sites in the Judean Desert are known generally as the Dead Sea Scrolls. The Qumran scrolls are generally considered to have been hidden by the Qumran Community, identified by most scholars as the Essenes. The documents are usually regarded to have been copied between the mid-third century BC and AD 68, when the Qumran settlement was destroyed by the Romans. Bonani et al. (1991 Bonani et al. ( , 1992 ) dated 14 texts, 8 of which came from Qumran. We present here new radiocarbon dates of 18 texts, including 3 date-bearing texts (3 from Qumran Cave 1, 12 from Cave 4, and 3 from other sites in the Judean Desert). We consider the importance of the 14 C dates in relation to other age estimates and we also report on 14 C examinations of linen fragments from the Judean Desert.
METHODS
All except three of the scroll samples were taken on 21 and 22 March 1994 by museum staff in the presence of the authors at either the Rockefeller or Israel Museums (see Table 1 ). Three additional samples were taken later at the Shrine of the Book and sent to Tucson for analysis. All samples were taken from ragged edges of top or bottom margins of the scrolls. No samples were taken that would have caused any significant damage to the scrolls themselves. The sizes of the samples are listed in Table 1 . Most of the documents from the Judean Desert had been suggested to us by colleagues who had special interests in 14 C analysis of particular texts.
Some samples from date-bearing documents were added as control texts , and the identity and ages of these materials were unknown to the Arizona AMS laboratory at the time of measurement. One control sample had been dated previously at ETH-Zürich in 1990 -1991 . The identity of this sample was also unknown to the Arizona laboratory at the time of measurement. Photographic records were made of the exact locations of the pieces subjected to examination. In some cases, scrolls suggested as important for dating had insufficient material available in the margins or the margins were too beautiful to be harmed. These samples were not taken and they account for the missing numbers in the lists (e.g., DSS-2).
Type 1. Parchment samples that appeared to be relatively clean
Pieces of ca. 2-10 mg were pretreated using procedures based on those reported by Bonani et al. (1991 Bonani et al. ( , 1992 with some modifications. Samples were washed in ~1N HCl for 10 min, rinsed in distilled water, washed in 0.1% NaOH for up to 10 min, rinsed again in distilled water, and finally reacidified with HCl, and cleaned with distilled water. Samples were dried in a vacuum oven and were removed as soon as they were dry. We found that some partially gelatinized samples were very easily dissolved by NaOH solutions (as previously reported by Bonani et al. 1991 and , and all samples were monitored during this process. Samples that started to dissolve in NaOH were removed from the solution as quickly as possible.
Type 2. Parchment samples with glue contamination
These samples were contaminated with perspex glue, as they had been stuck to rice paper as a backing material. They included . DSS-4 was difficult to clean, as it had been attached to a silk backing material and also appeared to be impregnated with a glue-like material. Pieces of 2-8 mg with adhering glue were washed in acetone in an ultrasonic bath for 30 min. This procedure worked well for most samples, but in the case of two sample pieces , this process had to be repeated for three hours. The samples were then subjected to the same pretreatment routine as the first batch.
Type 3. Papyri
Papyrus samples (DSS-10, -25, -52, -53) were generally very clean. Pretreatment was carried out easily using the standard methods of Type 1, above. Dried samples were combusted with CuO to make CO 2 using the standard techniques at Arizona (Donahue, Jull and Toolin 1990) . For most samples, sufficient CO 2 sample was available, and a split of up to 0.2 ml was taken for stable-isotope analysis of the δ 13 C of the carbon. This parameter is important to make accurate corrections to the 14 C age, which are all quoted as normalized to −25‰ (Stuiver and Polach 1977) . The remaining CO 2 was converted to graphite using standard procedures. The graphite powder so produced was pressed into an accelerator target holder, and the target was then analyzed by accelerator mass spectrometry (AMS). We loaded 24 sample targets with 8 standard targets (consisting of 4 standard graphites made from NIST HOxI and 4 of HOxII). In most cases, several separate preparations of samples were performed. A general description of the AMS measurements is given by Donahue, Jull and Toolin (1990) . 14 C results were calculated using the procedures reported by Donahue, Linick and Jull (1990) . Table 2 presents the results of the 14 C and δ 13 C measurements. The results are reported as conventional 14 C ages in years before present (AD 1950) , with errors on one standard deviation (1 σ), and calibrated ages obtained using both 1-σ and 2-σ confidence intervals, using the calibration of Stuiver and Pearson (1986) . For samples with insufficient material for both 14 C and δ 13 C measurements, an average value of δ 13 C was estimated from results of other scrolls, and this value is given in parentheses. Also included in Table 2 are ages determined by paleographic analysis. In Appendix 1, we present further information about the sources of the paleographic age estimates.
RESULTS AND DISCUSSION

Written Texts
The dates reported in Table 2 were obtained in most cases by multiple measurements of several subsamples. All 14 C ages were corrected to a δ 13 C value of −25‰, from the values indicated (Donahue, Linick and Jull 1990) . This small isotope correction is a standard convention of 14 C measurements (Stuiver and Polach 1977) . The best precisions are ca. ± 20 BP. For other samples where larger uncertainties are quoted, the precision was limited either by scatter in the individual measurements, or by the fact that only a few independent measurements were made, due to sample-size limitations. The calibration curve used to obtain the calendar age was the 20-yr average of Stuiver and Pearson (1986) , although in some cases we also refer to the 10-yr average curve of Stuiver and Becker (1986) . Calculations of probability are quoted for 2-σ ranges, where the calibration program (Stuiver and Reimer 1986) produces two ranges.
With one exception, the dates of the documents determined by the 14 C agree well with the dates previously suggested on the basis of paleographical analysis. These results are summarized in Figure 1 , which shows the calibrated 14 C ages plotted against paleographic age estimates. The calibrated age ranges are derived by applying the 14 C age with uncertainties of 2 σ to the calibration curve of Stuiver and Pearson (1986) . One exception was the first set of dates on 4Q258 (DSS-5), which was anomalously young and difficult to explain in terms of the expected age of the material. A second and cleaner sample of material was removed for dating. This second sample was subjected to an extensive acetone cleaning as described for Type 2 samples, as well as the acid-base-acid treatment, and gave a 14 C age comparable to the paleographic age.
Samples of Known Age
Samples in Table 2 listed as DSS-25, -52 and -53 are all papyri of precisely known age, since they bear written dates. For the two papyri, DSS-25 (pap Yadin 21) and -53 (pap Yadin 19), our results agree within 1 σ with known values. For DSS-52, the 2-σ range of our measurements fails by 10 yr to include the known age. Interestingly, if the decadal tree-ring calibration curve of Stuiver and Becker (1986) is used, the 2-σ range of our measurement would be AD 133-386, and would include the known age. For a range produced by using the measured 14 C age and 1 σ, the expectation is that there is a 68% probability that the range encompasses the correct age of the document. If 2 σ are used, the probability is 95%. It is also true that, in comparing known ages with a possible range of ages obtained from 14 C measurements, the procedures for producing the calibrated age are such that the actual age can fall anywhere within the calculated limits.
Comparison to Zürich 14 C Measurements
Sample DSS-50, which had been tested previously at the ETH Zürich Laboratory, was also measured in our study. This sample was taken from the same area of the scroll as the Zürich sample, from column XXXIX of the large Isaiah scroll from Cave 1. The 14 C results of Bonani et al. (1991 Bonani et al. ( , 1992 yielded the result of 2128 ± 38 BP (ETH-6651), which is in excellent agreement with our value, 2141 ± 32 BP (AA-14984). We report the calibrated age range in Table 2 . The weighted mean of the two measurements is 2136 ± 24 BP.
Comparison of Results to the Calibration Curve
All of the results discussed are presented graphically in Figure 2 . The individual points are obtained by plotting the measured conventional 14 C ages of the samples on the ordinate vs. the estimated paleographic ages of the samples on the abscissa. The fact that the individual points plot within 2 σ of the calibration curve indicates that the 14 C and paleographic ages are in reasonable agreement. It Fig. 1 . Calibrated 14 C age ranges vs. estimated paleographic ages of scroll samples. The calibrated ranges were deduced from measured conventional 14 C ages, including 2 σ, using the tree-ring calibration curve of Stuiver and Pearson (1986) . The ranges of paleographic estimates were chosen to include the range of the estimates reported in Appendix 1.
is interesting that the three date-bearing papyri are all of approximately the same age, and there is a tendency for our measured age ranges to be on the younger side of these known ages. It is possible that the calibration curve for AD 135 should be slightly lowered, as its position appears to be determined by a single point in the 20-yr calibration curve (Stuiver and Pearson 1986) .
Linen Fragments
Two samples of linen, tested by AMS, yielded results in line with their anticipated dates based on context. These results are presented in Table 3 . DSS-26 was a sample of cloth from Qumran Cave 4, to which a leather thong was attached, of the kind used to fasten the scrolls at Qumran (Carswell 1977) . Significantly, the 14 C date for this sample fell solidly within the dating period established for the scrolls by both paleography and 14 C dating. DSS-27, a linen fragment with silk embroidery, was dated to the 12th-13th centuries AD. This sample was bought from antiquity dealers who represented it as material "from Qumran cave 2"; it most probably originated from Wadi Murabba'at, Fig. 2 . Conventional 14 C age vs. calendar age. The solid curve shows the tree-ring calibration curve of Stuiver and Pearson (1986) . The ordinate values for the data are conventional 14 C ages measured by AMS, as reported in Table 2 . The error bars on the 14 C ages are 1 σ. The abscissa values for the data are estimates of paleographic age from Appendix 1. 1270-1392 (2σ) where similar textiles were found (Crowfoot and Crowfoot 1961) . Descriptions of these fragments are given in Appendix 2.
CONCLUSION
14 C ages of 14 parchment and 4 papyrus samples found in caves in the Judean Desert have been measured by AMS. Measurements on samples of known ages are in good agreement with those known ages. Ages determined from 14 C measurements on the remainder of the Dead Sea Scroll samples are in reasonable agreement with paleographic estimates of such ages, in the cases where those estimates are available.
APPENDIX 1. DATES SUGGESTED FOR THE TEXTS ON THE BASIS OF PALEOGRAPHICAL ANALYSIS
The information given below for scroll samples includes the Q number, an abbreviated siglum following the name of the scroll, the PAM/Shrine photo number and the assigned paleographical date. The abbreviated sigla referring to the texts from the Judean Desert follow their conventional names. (For the most recent list, see Tov and Pfann (1995) .) All photograph numbers are PAM (Palestine Archaeological Museum) numbers unless otherwise indicated.
DSS-1. 4Q266
Damascus document, D a 43.277 100-50 BC Comments: "The writing is in a semi-cursive Hasmonean hand which in Cross' paleographic sequence may be dated to the first half of the first century B.C.E." (Baumgarten 1992: 57) . "The text is written in a semi-cursive Hasmonean hand which, in Cross's paleographic typology, may be assigned to the beginning of the first century B.C.E." (Baumgarten 1990: 153-165) . 75-50 BC (Stegemann 1994: 166) .
DSS-3.
Commentary on Habakkuk, 1QpHab col. XIII Shrine 7203-4 30-1 BC Comment: "The manuscript is written in an Early Herodian hand (ca. 30-1 B.C.), affecting the Palaeo-Hebrew script in a degenerate form when writing the Tetragrammaton" (Cross 1972: 4; Avigad 1965: 74) .
DSS-4.
Community Rule, 1QS col. XI Shrine 7111 100-75 BC Comments: "As we have seen, it belongs to a special semi-formal tradition of the Jewish script, a Hasmonean exemplar of this style from about 100-75 B.C." (Cross 1972: 4) . "[A] date somewhat later than 1QIsa a is to be preferred" (Avigad 1965: 71) .
DSS-5.
4Q258 Community Rule, S d 43.244 Beginning of 1st century BC Comment: "The script of the oldest copy is dated by F. M. Cross to the beginning of the first Century B.C." (Vermes 1991: 250; Cross 1956: 61 (Puech 1992: 480 (Cross [1961] , p. 137, fig. I, line 6 ; cf. ibid., line 7 and p. 138, fig. 2, line I) . It seems to me, however, to be older than the alphabets discussed by Cross, and to be related, by many a detail, to the writings of fig.  I , lines 2-5. As a result I would date 4QEnastr a to the end of the third century or else the beginning of the second Century B.C." (Milik 1976: 273) 
DSS-19. 4Q22
paleoExodus, paleoExod m 42.582 100-25 BC Comment: " [MacLean] has dated this scroll along with 4QpaleoGen-Exod l . . . and 4Q124 . . . within the period 100-50 or 100-25 BC, with this qualification: 'Of these three contemporary manuscripts, I believe 4QpaleoExod m to display the latest features and the greatest number of novel features which will see subsequent development ' (MacLean [1982] , 78). On the basis of the extensive nature of MacLean's study, as well as Cross's endorsement of his conclusions, we accept his dating" (Skehan, Ulrich and Sanderson 1992: 62) .
DSS-19a. 4Q22
paleoExod m col. VIII (patch) 42.648 50 BC-AD 50 Comment: Skehan, Ulrich and Sanderson (1992: 85) state that "a patch was sewn from behind the leather to repair damage
